This study aims to identify the extent of terminal digit bias in routinely recorded blood pressures (BP) across a number of different general practices and report on changes in terminal digit bias over a 10-year period. It also explores the effect this may have had on the mean recorded BP in this population. BP records were taken from The Health Improvement Network database containing anonymized patient records from information entered by UK general practices in the financial years 1996-1997 to [2005][2006]. The proportion of measurements ending in zero and the mean BP readings were calculated for each practice and for each year of data. Over this 10-year period the percentage of systolic BPs with zero terminal digits fell from 71.2 to 36.7% and mean recorded BP fell from 152.3 to 145.3 mm Hg. Correcting the BPs to remove terminal digit bias indicates a 2-3 mm Hg underestimation of the mean population systolic BP over this period. The between-practice variation in the percentage of zero terminal digit readings increased from 3.5 to 6.5 s.d. Although it is welcome to see a reduction in terminal digit bias, it is worrying to see the increase in variation between practices. There is evidence that terminal digit bias may lead to potential misclassification and inappropriate treatment of hypertensive patients. The increase in variation observed may therefore lead to an increased variation in the quality of care given to patients.
Introduction
Blood pressure (BP) measurement is a cornerstone of clinical practice. It is a major factor in calculating coronary heart disease (CHD) risk and provides the thresholds for initiating treatment. 1 More recently, the quality and outcomes framework of the General Medical Services contract for General Practitioners has offered incentive payments to general practices that achieve target BPs in patients with chronic diseases. For example, if 70% of patients with hypertension have their last BP (measured in the past 9 months) recorded as 150/90 or less the practice receives 56 points. A further 42 points are available for meeting similar targets for patients with CHD, stroke or transient ischaemic attacks and diabetes equivalent to over d12 000 for an average practice. 2 The accurate measurement and recording of BP may potentially, therefore, have both clinical and financial consequences.
A number of factors have been reported as affecting the validity and accuracy of the measurement and recording of BP. The presence of a final-year medical student during examination, 3 the prospect of a blood test being taken 4 and an insufficient rest period before measurement 5 can all increase the observed BP. An inadequate cuff size 6 and various other factors such as cold, pain or a full bladder 7 can also affect the measured BP. Additionally poor maintenance and calibration of sphygmomanometers can also lead to errors in BP measurement. 8 Terminal digit bias in BP recording, where the terminal digit zero is over-represented as a proportion of all recorded values, has also been well described. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] This tendency has been reported in a number of settings, including routine general practice, [9] [10] [11] primary care hypertension screening initiatives, 12 clinical trials, 13 antenatal clinics 14 and in specialty hypertension clinics. 15 The effect has also been shown to vary by patient characteristic, 15, 16 between physicians and nurses, 15 between individual observers 16 and the type of device used. 17 Terminal digit bias will potentially reduce the power of any epidemiological study utilizing BP measurements. 10, 14, 20 Whether there is a propensity to over or underestimate BPs routinely has not been established, though Wen et al.
14 reported that reclassifying the threshold of hypertension from 4140 to 4141 mm Hg reduced the prevalence of hypertension from 25.9 to 13.3% in a population of 28 841 pregnant women.
Concern has also been expressed that terminal digit bias may reduce the ability to accurately assess the effect of anti-hypertensive treatment. 14, 19 Because the mean change in systolic BP with treatment is 8 mm Hg, 21 rounding to the nearest zero may increase the apparent effect of treatment or reduce it to zero.
Recently, McManus et al. 18 has reported the effect of the introduction of electronic BP machines in four general practices. They reported a large and significant fall in terminal digit bias and also noted that although electronic monitors reported BPs to 1 mm Hg, there may still be a tendency to round to an even number.
It would seem reasonable to assume that the more widespread introduction of electronic BP monitors would be associated with an overall reduction in terminal digit bias.
In this article we report on the extent of terminal digit bias in routinely recorded BPs across a number of different general practices and report on changes in terminal digit bias over a 10-year period. We have also explored the effects it may have had on the mean recorded BPs in this population.
Materials and methods
BP records were taken from The Health Improvement Network (THIN) database containing anonymized patient records from information entered by UK general practices in their ViSion systems. Only BP measurements flagged as being taken in a surgery consultation in the financial years 1996-1997 to 2005-2006 were used.
All BPs were extracted from the database and the proportion of recorded measurements ending in zero was calculated by practice and by year. Data were then exported to Excel for further analysis.
The mean of systolic BP readings was calculated for each practice and for each year of data.
A corrected mean systolic BP was also calculated for each practice and for each year of data. The correction for terminal digit bias was carried out by dividing the expected proportion for each digit (10%) by the observed proportion for each digit for each year of the study. This provided a correction factor for each terminal digit. The number of records for each BP value observed was multiplied by the correction factor to give an equal number of BP readings with each terminal digit. A corrected mean was then calculated from these values.
A standardized measure of variation in terminal digit bias was calculated for each practice and each year using the formula:
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Where, for each time period, P obs is the proportion of BP readings ending in zero recorded by each individual practice, P mean the overall proportion of BP readings ending in zero for all the practices and N obs the total number of recorded BP for each individual practice. The mean of the standardized variation for all of the practices in each time period was then calculated.
The study received ethical approval from the London Research Ethics Committee.
Results
A data extract was obtained from THIN to undertake a separate case-control study of colorectal cancer. This included 122 802 controls (53.2% male, 46.8% female). 
Overall results
We obtained 915 866 paired systolic and diastolic BP records from 93 963 patients
Results for individual practices
The percentage of systolic BP observations with a zero terminal digit in each practice in 1996-1997 and in 2005-2006 is shown in Figures 3 and 4 . A definite change in the distribution can be seen, with more practices now reporting low percentages of terminal digit readings. On average, practices reduced their zero terminal digit readings by 32.9%, but there was wide variation between individual practices, from a reduction in of 87.9% in zero digit bias to an increase of 16.1%. Over this period the between-practice variation in the percentage of zero terminal digit readings increased from 3.5 to 6.5 s.d.
Discussion
Our results show that routinely collected primary care data can be used to measure terminal digit bias in general practice. Variation in terminal digit bias can also be measured between practices and monitored over time.
Greater terminal digit bias appears to be associated with lower mean recorded systolic BPs. Practices with high levels of terminal digit bias may therefore underdiagnose hypertension. We have estimated that terminal digit bias has led to a 2-3 mm Hg underestimation of the mean population systolic BP over this period. McManus et al. 18 noted similar changes in four practices that converted from mercury to electronic devices. Nietert et al. 10 calculated that a 10% increase in terminal digit bias was associated with a 0.74 mm Hg reduction in recorded systolic BP, corresponding to a 2.96 mm Hg underestimation in a practice with a terminal digit bias of 50%. If there was a systematic change in the pattern of BPs recorded across the time period studied it is possible that the method of correction used may have produced an artefactual increase in the corrected value. However, as no such trend was observed in the variation of terminal digit bias across the recorded systolic BPs, the increase was Terminal digit bias in general practice WN Harrison et al observed across the period studied, and the magnitude of the increase is consistent with other studies, we feel that this is unlikely to be the case.
Terminal digit bias has reduced markedly between 1996-1997 and 2005-2006, but the mean level of recorded BPs ending in zero is still three times that expected. This is consistent with other reports in primary care settings over this period. 9, 10, 18 The most noticeable decrease occurred from 1999 to 2000, possibly as a consequence of the publication of the British Hypertension Society guidelines. 22 The overall decline in terminal digit bias has also been accompanied by an increase in the variation between the practices in the study. It is possible that a number of practices have continued to use mercury sphygmomanometers, while others have moved to using electronic machines. Visual inspection of Figure 4 appears to show at least two distinct distributions being present in the data, centred on means of around 20 and 50% respectively.
There is evidence that terminal digit bias can affect patient care. Nietert et al. 10 indicated that as hypertension guidelines are based around threshold values, even a small effect could influence whether a patient is treated or not. They calculated that for each 10% increase in terminal digit bias there was an 8% decrease in the odds that a patient would have a current prescription for anti-hypertensive medication (P ¼ 0.036). Other authors have also noted the effect of terminal digit bias on the misclassification of hypertensive patients. 11, 14, 19 Although it is welcome to see a reduction in terminal digit bias, there is still a long way to go before it is reduced to an acceptable level. Only a handful of practices showed no terminal digit bias. It is of note that no terminal digit bias is seen in the Health Survey for England of 2003, indicating that it can be completely eliminated by appropriately trained staff equipped with an electronic sphygmomanometer. 23 It is also worrying to see the increase Terminal digit bias in general practice WN Harrison et al in variation between the practices. There is evidence that terminal digit bias may lead to potential misclassification and inappropriate treatment of hypertensive patients. The increase in variation observed between these practices may therefore lead to an increased variation in the quality of care given to their patients. Terminal digit bias is easy to monitor and simple for an individual to remove, though it is more challenging to address at an organization level. 13 We propose that terminal digit bias should be routinely monitored in primary care and targets for its removal incorporated into future quality standards.
